Objectives: The objective of this population-based cross-sectional study was to estimate rural-urban disparity in the oral health-related quality of life (OHRQoL) of the Quebec adult population.
of this disparity. 2, [4] [5] [6] [7] [8] Andersen's behavioural model of health services utilization has been widely accepted as a predictive and explanatory model to evaluate the role of place in determining health and oral health outcomes. 9 According to this model, oral health outcome is a function of predisposing factors, enabling resources, and the need for dental care. 9, 10 It has been shown that contextual characteristics of geographical place can play a significant role in rural-urban general and oral health inequality. 5, 11, 12 The urban environment might mitigate the potential negative influence of rural environmental characteristics such as geographical remoteness, socioeconomic deprivation and inadequate access to oral healthcare services and contribute to better oral health or oral health-related quality of life (OHRQoL). [13] [14] [15] [16] [17] [18] [19] Research findings from different nations worldwide have shown that people living in rural areas are less satisfied with their oral health and have higher rates of untreated dental caries, periodontal disease and tooth loss. [20] [21] [22] [23] [24] [25] [26] Moreover, rural residents are less likely to engage in disease prevention and promotion of healthy behaviours, because there are fewer health information resources and inadequate healthcare provider counselling. 27, 28 According to the Canadian Community Health Survey (2001), rural residents had a lower rate of use of dental services than their urban counterparts. 29 Utilization of healthcare services is an important determinant of oral health but is far from equal, geographically. This disparity can be explained mainly by unequal distribution of health professionals, as well as inequitable and inadequate access to oral healthcare services in rural and remote zones. 20, 30, 31 In 2009-2010, about 90.3% of the dental workforce in the province of Quebec were located in urban areas, and only 0.3% of the total dental workforce maintained their practice in remote rural zones. 32 These variations may directly affect oral health, both in terms of morbidity and in perceived oral health.
Emami et al 33 conducted a qualitative study in a rural region of Quebec (2014) to explore how rural residents perceive their oral health and access to dental care. Their results showed that, although rural residents did not perceive rurality as a threat to their oral health, they were concerned about their limited access to dental care. In fact, geographical distance and lack of public transportation were reported as major barriers to oral health, especially for people with physical disabilities.
However, investigation of the rural-urban disparity in oral health status and its determinants has been neglected in some parts of North America, including in Canada. Epidemiological research in OHRQoL is important, as its focus is not limited to physical health, but extends beyond that to capture the impact of oral health status on functional, social and psychological wellbeing. 34 Furthermore, the resultant information will help policymakers to develop effective models for provision of oral health care
where it is needed.
To our knowledge, this is the first population-based study that aims to provide empirical data on rural-urban OHRQoL and its determinants in Canada. We tested the hypothesis that there is no ruralurban difference in the prevalence, extent and severity of negative oral health impacts. The target population for this study was the parents/caregivers of schoolchildren residing in the 8 regions of Quebec province whose administrative dental officers agreed to collaborate in the data collection. Ethical approval was provided by the institutional review board of the Universit e de Montr eal, and participants signed consent forms before enrolment.
A random subsample of Quebec's MSSS provincial survey schoolchildren was selected using stratified 2-stage sampling. Oversampling of certain schools in some rural regions was conducted to increase the reliability and precision of estimates for these regions.
The sampling design took into account the proper weighting of each unit of this sample and the unequal probabilities of such a sample, to be representative of the rural-urban population of parents/caregivers of schoolchildren (second-and sixth-grade population).
The parents/legal caregivers were invited to participate in this substudy by the dental examiner or the hygienist responsible for the INSPQ study, via their children. A total of 1906 individuals agreed to participate in the study and returned the completed questionnaire with a participation rate of 37%; however, after pairing with the clinical INSPQ data, the final sample used for data analysis was reduced to 1788. This was based on the predefined sampling and statistical analysis plan.
| Data collection: main outcome and independent variables
This report presents the results of the primary outcome of the study:
OHRQoL. Andersen's behavioural model of health services utilization was used as the study's conceptual model 9 with an increased focus of the effect of place of residence. Rurality was defined according to the 2006 Metropolitan Area and Census Agglomeration Influenced Zone (MIZ) provided by Statistics Canada. 35 According to the 2011
Canadian Census, about 19% of all Quebecers live in rural areas. 36 The residential postcode was used to assign respondents' census geography using the Postal Code Conversion File Plus (PCCF4F+). 37 The Oral Health Impact Profile (OHIP-14) was used to measure OHRQoL. 38 This validated and highly reliable (a = .88) oral health disease-specific instrument has been widely used in dental care service use surveys 13, 39 ; it has been tested and validated in GABER ET AL.
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English-speaking and French-speaking Canadians for cross-cultural validity. 40 The OHIP-14 consists of 2 items for each of the 7 dimensions: functional limitation, physical pain, psychological discomfort, physical disability, psychological disability, social disability and handicap. 38 The items are rated on 5-point Likert scales ("never" = 0,
"rarely" = 1, "occasionally" = 2, "often" = 3, "always" = 4). The OHIP-14 total range is 0-56 points, with lower scores indicating better OHRQoL. The predisposing factors included age, gender, ethnicity, occupation, education, oral health behaviours and oral health knowledge.
While these risk factors originate in individuals, many of them may become reinforced within social contexts, such as rural environment.
The behavioural risk factors for parent's perceived oral health were defined as "smoking," and infrequent flossing and tooth brushing as detailed in Table 3 . Parental oral health knowledge was measured by Enabling resources included the equivalent household income, dental insurance coverage, distance to dental care, mode of transportation to dental care facilities, type of dental care providers and availability of dental care provider. Perceived need was assessed by 3 questions in regard to persistent pain during the last year, perceived need for dental treatment, and time away from work or daily activities seeking dental treatment during the preceding year. Finally, the use of dental services was assessed through questions about dental visits during the previous year and the reason(s) behind the visit(s).
| Statistical analyses
The standard sampling weights were used to adjust the estimates on the basis of distribution within the regions and to take into account any disproportionality of the sample and the differential probability of selection and nonresponse. Furthermore, the P-values of chisquare tests were adjusted to take into account the survey design effect with a value of 1.5. The design effect is the extent to which the expected sampling error departs from the sampling error that can be expected under random sampling. 45, 46 Data imputation for the outcome variable was not essential because only 0.5% of the participants missed 2 questions or more. The calculation of OHIP scores for these participants was based on the remaining items. In order to obtain frequency counts, percentages and univariate means and to test for normality, the data were first subjected to descriptive statistical tests. For analysis of OHIP-14 data, 3 summary variables were defined according to Slade et al 47 :
• Prevalence: the percentage of people who answered 1 or more items with "fairly often" or "very often."
• Extent: the number of items reported as "fairly often" or "very often."
• Severity: the sum of ordinal answers of all 14 items with a range from 0 to 56.
The Student's t test (for continuous variables) and chi-square test (for categorical variables) were used to compare rural-urban populations in the prevalence, extent and severity of perceived poor oral health, the 7 dimensions of the OHIP-14, as well as for all Andersen model-based variables (predisposing factors, enabling resources, dental needs). Individual items of the OHIP were dichotomized for analysis to "low negative impacts" if the impact occurred "rarely, never or sometimes" vs "high negative impacts" if the impact occurred "often or always." The Student's t test and chi-square test were used to compare dichotomized OHIP items across the studied independent variables.
The equivalent household income was calculated by dividing the median of each income category by the square root of the number of persons in the household. 48, 49 The oral health knowledge and dental treatment need variables were considered as composite variables developed from combining the items mentioned earlier, and were coded as "1" or "0." The variable was considered "1" if any of the questions were answered yes. This approach was applied to overcome any possible underestimation of positive responses for any of the composite questions. 50 Unadjusted odds ratios and their 95% confidence intervals were calculated to determine the strength of the association between the independent variables and the OHIP prevalence ( Table 3 ). The collinearity between independent variables was verified using Spearman's correlation to avoid unduly inflated variance of any estimated regression coefficients. No collinearity between variables was detected.
Binary logistic regression was used to measure the effect of place of residency on prevalence of poor OHRQoL (dependent variable) while adjusting for the other variables in the conceptual model.
Two models were constructed; the first model included variables from predisposing, enabling and needs factors ( Table 4 ). The second included only the predisposing and needs factors (Table 5) . Independent variables with results from univariate analyses P ≤ .05 (Table 3) were incorporated into the model. Variables in the final model were selected using a backward stepwise procedure; the decision to remove terms was based on a likelihood-ratio test. Using this approach, all potential predictors were first included in the "full" model, and then, predictors were sequentially removed if their removal did not result in a significant change in the log-likelihood.
The statistical significance was set at P ≤ .05, and goodness-of-fit was assessed using Hosmer-Lemeshow test. Nagelkerke R 2 was used to examine how useful the explanatory variables are in predicting the dependant variable. The analyses were performed using statisti- (Table 1) . From a total of 1788 parents, the majority of respondents were married/partnered females with level of education higher than secondary school. The majority had full-time employment, and about 40% had an equivalent annual income of <$40,000.
Compared to residents in urban areas, rural residents had a lower education level, employment rate and income (P < .001).
In terms of dental service utilization, there was no statistically significant difference between rural (82.3%) and urban (86.3%; P = .124) residents; however, compared to urbanites, rural residents were more likely not to have seen a dentist for routine check-ups (P = .03). Dental insurance coverage of rural residents was about half that of their urban counterparts (P < .001).
The distance travelled to access a dental clinic was approximately 1.5 times greater for rural residents (P < .001) and, compared to their urban counterparts, rural residents used mostly their own car (vs public transportation or walking; P = .004; Table 2 ).
The internal consistency estimate of reliability of the OHIP-14 scores was excellent (Cronbach's a coefficient = .9).
In the total sample, the prevalence of negative oral health impacts reported by the sample population was 9.2%, and the extent of impacts was 0.2 AE 0.3. The severity of the impacts (mean = OHIP-14 total score) was 4.0 AE 0.9.
There was a significant rural-urban difference in the percentage of individuals with negative oral health impacts (P = .02). Compared to urban residents, rural residents reported a significantly greater prevalence of negative oral health impacts in the pain, psychological discomfort and social disability OHIP domains (P < .05; Figure 1 ). The rural residents experienced a significantly greater extent of negative impact (P = .03), as well. However, the difference in severity scores between rural and urban dwellers was not significant (Figure 2 ).
The Andersen-based model variables and their association with the prevalence of poor OHRQoL are shown in Table 3 . There was a statistically significant association between the prevalence of poor
OHRQoL and predisposing variables (place of birth, language, marital status, education, occupation, smoking, perceived general health, perceived oral health), as well as enabling resources (income, dental insurance coverage, type of clinic, difficulty to find a dentist, having a family dentist) and the reason to use dental services.
The logistic regression analysis of the prevalence of poor OHRQoL (Table 4) by predisposing, enabling and needs factors revealed that the odds of having poor OHRQoL were significantly greater in individuals with dental treatment needs (OR = 8.5; 95% CI = 4.7-15.3; P < .001), poor perceived oral health (OR = 6.6; 95% CI = 3.9-11.2; P < .001), not having access to private dental clinics (OR = 3.8; 95% CI = 2.1-6.9; P < .001), lower income (OR = 2.7; 95% CI = 1.7-4.2; P < .001) and lower level of education (OR = 2.1; 95% CI = 1.4-3.1; P < .001). Living in rural zones increased the odds of poor OHRQoL but was marginally significant (OR = 1.6; 95% CI = 1.0-2.5; P = .050).
When only predisposing and needs factors were entered in the model, along with place of residency (Table 5) this is the first study that examine the rural-urban differences in OHRQoL in Canada.
Different theoretical frameworks have been introduced to conceptualize how place characteristics influence health attributes.
Some of these frameworks follow a biomedical perspective and are based on the spatial diffusion of physical and biological risk factors.
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T A B L E 2 Rural-urban disparity according to Anderson modelbased variables (predisposing factors, enabling resources, dental treatment needs, dental service utilization) A denturist is a dental healthcare professional who provides denture care directly to the public. *P-value adjusted for the effect plan. Student's t test and chi-square test.
Some conceptual frameworks put emphasis on social capital, social engagement, place-related resilience and sense of belonging to explain the role of place in health outcomes. 6, 7 These socio-cultural attributes have the potential to tie people and communities together and positively influence health outcomes. 51, 52 Others frameworks focus on social determinants of health and the link between place and macro-social factors. 2, 4, 8 In the present study, Andersen's behavioural model 9 was used as the conceptual model. This model has been widely used in healthcare services research, including oral healthcare services. 53, 54 Although Andersen's model did not allow this study to capture all factors related to rural-urban disparity in OHRQoL, it allowed us to take into account the important elements including predisposing factors, enabling resources, the need for care and use of dental services. It is noteworthy that all existing models have certain limitations and none of them can capture the whole complete picture of health and its broad range of determinants.
Anderson's model may be limited to explore the determinants of health rather than identification of interaction between them or recognizing required actions and entry points for policymakers' interventions. 55 The results of this study are in line with the literature, in that along with income and education, perceived oral health and need of dental care are associated with poor OHRQoL. 38, [56] [57] [58] [59] [60] [61] [62] [63] Furthermore, an important finding of this study is that type of dental care services can be a predictor of OHRQoL.
Our results revealed that the Canadian population, in general, has good OHRQoL in comparison with populations from other countries, such as the United Kingdom, Spain and Australia. 19, 47 This variation may be due to differences in study participant characteristics.
For example, the majority of participants in this study were young educated females. According to a systematic review conducted by
Cohen-Carneiro et al, 64 women tend to be more dissatisfied and to report greater negative impacts in OHRQoL than men do. Another factor that could influence OHRQoL is difference in ethnicity. 64, 65 Various studies showed that shared norms and behaviours which are unique for each culture could influence one's rating of oral health. 66, 67 Our findings show that the prevalence and the extent of poor OHRQoL in the rural population are significantly higher than for their urban counterparts, even after adjusting for predisposing factors such as socioeconomic variables and dental treatment needs. A denturist is a dental healthcare professional who provides denture care directly to the public. *P-value adjusted for the effect plan. Student's t test and chi-square test.
These results support the literature that, in general, rurality is associated with poor oral health outcomes. Several studies from Australia, the United States and some developing countries showed ruralurban difference in the rate of oral diseases such as caries, periodontal disease and tooth loss. [20] [21] [22] [23] [24] [25] [26] Although research on the impact of rurality on OHRQoL is not extensive, the available results are comparable with our findings within the Quebec population. A cohort study conducted in Brazil revealed that OHIP scores were higher in single individuals, women and rural dwellers. 14 Findings from a recent survey in India 16 showed that OHIP-14 scores were significantly associated with age, gender, poorer clinical outcomes and place of residency. Rural dwellers reported poorer OHRQoL than urban dwellers. 16 These findings were similar to those from a study conducted in a Greek population. 18 Analysis of data from a 2003 National Health Survey of Chilean adults indicated that gender, rurality and poor self-reported general quality of life were associated with poor OHRQoL. 15 In a study on an edentulous Croatian population, the predictors of OHRQoL were age, education and type of oral rehabilitation, as well as the place of residency. 17 Another study conducted in Spain assessed the determinants of OHRQoL, revealing that participants older than 45 years living in rural areas, with lower level of socioeconomic status and poor hygiene, had poorer OHRQoL. 19 Furthermore, our results are also comparable to previous studies, 16, 18 showing that rural residents had lower OHIP scores in 3 dimensions: physical pain, psychological discomfort and social disability.
In this study, we built 2 regression models based on Andersen's behavioural model. 9 When adjusting for predisposing, enabling and need factors, the place of residence was marginally associated with the outcome. However, when enabling resources were removed from the model, the association between place of residency and
OHRQoL became statistically significant. This suggests that rurality may aggregate barriers to OHRQoL, such as a low level of insurance coverage, lack of public transportation and the need to travel further for dental care. In terms of predisposing factors, residing in a rural setting appears to aggravate poor health-related behaviours, such as smoking, that could adversely impact oral health status and OHRQoL. 5, [68] [69] [70] Our findings showed that the rate of smoking was significantly higher in rural than in urban populations. Lack of regular Nonsignificant factors excluded from the final model: marital status, smoking, perceived general health, having dental insurance coverage, type of clinic, difficulty to find a dentist and having a family dentist. a A denturist is a dental healthcare professional who provides denture care directly to the public. | 139 dental visits can be explained by lack of knowledge about the importance of oral health. 54 However, oral health education and motivation by oral health professionals can be affected by scarce and inefficiently allocated oral health resources in rural regions. 32, 33 On the other hand, it has been shown that optimum access to oral health resources is an important factor for better OHRQoL. 58 According to our study, rural residents were twice as far from dental care services compared to their urban counterparts, and they were also less motivated to seek regular dental check-ups. These factors collectively may play a role in the deterioration of their OHRQoL.
According to the literature, endurance and resiliency characteristics of the rural population increase its willingness to adapt to the surrounding environment in such a way as to make them resist care seeking. 71 This can be considered as a risk factor, as this type of adaptation could promote the adoption of poor health-related behaviours, discourage care seeking and, consequently, influence oral health status. 72 Indeed, because expectations drive ratings of quality of life, the rural lifestyle and self-sufficient mindsets can explain why no significant differences in severity of OHRQoL were detected between the studied populations.
Despite rural-urban variations in enabling resources to access dental care, our results show no difference between both populations in the percentage of people who reported visiting dentists in the previous year or in the frequency of these visits. These findings contradict what was reported by the Canadian Community Health Survey 2.1, 29, 73 in which elderly Canadians residing in rural settings had fewer dental visits than the urban residents. It is worth mentioning that greater utilization of services for urgent care does not necessarily have a similar positive influence on OHRQoL, as has been shown for routine preventive dental visits. This was shown in an Australian study in which frequency and time since the last dental visit were not associated with OHIP-14 severity. 59 Some limitations should be taken into account when interpreting the results of the present study. Firstly, the study was an add-on to the INSPQ provincial clinical study and the data were independently gathered via the vehicle of this provincial survey which was supported by the MSSS. Therefore, the study did not aim to investigate the effect of the primary unit of analysis (schools) on the perceived oral health of schoolchildren's parents/caregivers. Furthermore, the study participants were limited to the parents/caregivers of schoolchildren in the second (7-8 years of age) and sixth grade (11) (12) , as well as not including clinical indicators such as caries and tooth loss. This narrow variability in certain variables limited the study's capacity to analyse all the factors that may be associated with the study outcome. For example, the majority of our study participants were young females, who represent the main caregivers.
This limitation did not allow us to analyse a potential gender difference in rural-urban OHRQoL disparity. Finally, the participation rate was quite low. However, we used various strategies to compensate for these limitations. These include the use of a design-based model 74 and weighting the data to adjust the estimates on the basis of distribution within the regions. The data weighting process was produced by the INSPQ to ensure that the sample is representative of the population of the 8 rural-urban areas targeted. This strategy took into account the initial weights of the students for the national-regional component of the 2012-2013 classification of statistical sectors, the participation rate in the different deprivation strata, the geographical areas and the language of instruction within the large regions. Finally, margining was performed on these weights, ensuring the representativeness of the number of pupils according to the classification of statistical sectors, the grade level and the gender.
| CONCLUSION
Within the limitations of this study, the results showed that there is a rural-urban difference in OHRQoL in the adult Quebec population.
These results suggest that there is a need to develop strategies to promote oral health at the population level, specifically for rural residents. This indicates that the collaboration of government, health policymakers and oral healthcare professionals is needed to implement public dental services, educational interventions and other need-based strategies tailored for disadvantaged populations.
